Seedlings require light not only for the initial formation of chlorophyll, but apparently also for its continued maintenance, for a seedling containing chlorophyll will, when placed in the dark, lose its green pigmentation (1) . This suggests that, to maintain a high chlorophyll level in the living plant, lightdependent synthetic reactions must keep pace with, or exceed the light-independent destructive processes that occur concomitantly and continuously. These "dark" destructive processes must occur in addition to the photochemical oxidations of the chlorophyll molecule extensively described in the literature (2, 3) .
Carotenoid pigments can be synthesized by dark-1 Received March 1, 1955 . 2 This investigation was made possible by funds from the United States Public Health Service, Division of Research Grants, and is gratefully acknowledged. 3 Present address: National Institute of Health, Bethesda. Maryland. grown seedlings, but under certain conditions light will accelerate the synthesis of these yellow plastid pigments (4, 5, 6, 7, 8) . The destructive reactions of the carotenoids have also been studied in detail, and are considered to be both enzymatic and photochemical in nature (9) .
Thus, it is evident that the amount of chlorophyll and carotenoids present in a plant grown in the light is the resultant of at least the following reactions: 1) "light" formation of chlorophyll, 2) "light" destruction of chlorophyll, 3) "dark" destruction of chlorophyll;
and for carotenoids, 1) "dark" formation,
2) "light" formation, 3) "dark" destruction, 4) "light" destruction.
The present investigation was undertaken to elucidate those destructive reactions of chlorophyll and carotenoids that occur exclusively in the absence of light. In this way, it is hoped that the complex network of reactions involving these pigments will begin to be unraveled.
MATERIALS AND METHODS MATERIALS:
Seedlings of Zea mays L. of a hybrid stock named Cornell M-4 were used in this investigation.4 Seeds were soaked for 24 hours in distilled water, and after soaking, about 25 seeds placed around a rim of a 600-ml beaker, between the glass surface and a layer of moistened filter paper. Distilled water (350 ml) was placed in each beaker to insure a high relative humidity. The beakers were placed in a constant temperature chamber at 270 C in the complete absence of light, and the seedlings allowed to develop until they were one week old. At the end of this time, a sample of plants was extracted to determine the concentration of carotenoid pigments that had developed during this period, some seedlings were left in the dark chamber to serve as controls, and the remaining seedlings were exposed to various conditions of light. After the exposure period, samples of the light-exposed seedlings were killed, extracted and analyzed for pigment content (chlorophyll and carotenoid), and the remaining light-treated plants in this series of exposure times were then returned to the dark 270 C temperature chamber. Seedlings were periodically sampled, after various times in the dark, and extracts made to follow the changes in chlorophyll and carotenoid content occurring during the dark period. At the same time, control plants were analyzed, that is, plants which were comparable in age, but which had received no light treatment.
EXTRACTION PROCEDURE: The seedlings were killed by placing them in boiling water for one minute, this treatment also serving to minimize the oxidative destruction of carotenoids (10) . The sheath was dissected away, and the leaf tissue weighed on a torsion balance and immediately extracted. Four seedlings were used for each extract. The wet weights of the leaf tissue averaged from 100 to 800 mgs. The tissue was ground in a mortar containing Berkshire sand and 20 ml C.P. methyl alcohol. The grinding of the plant tissues was carefully timed and kept standardized. At the end of the grinding period, the extract was filtered with suction and the filtered tissue examined to see that it was colorless. The filtrate was then centrifuged for ½/2 hour, and the clear greenishyellow methyl alcohol solution brought up to constant volume (25 ml) before measuring the pigment content spectrophotometrically.
ESTIMATION OF PIGMENT CONTENT: The solutions were analyzed in a Beckman spectrophotometer bulb. At all other times, the plants were handled in the dark, with the aid of a dim green Christmas tree bulb as safe light.
RESULTS AND DISCUSSION Table I shows the effect of 4 different light exposures on the amount of chlorophyll and carotenoid pigment in the leaf tissue of one-week-old corn seedlings. The figures give an idea of the type of variability encountered.
In tables II and III and figure 1, the time course of the light-independent destruction of the two pigments is shown. Each figure in the table and point on the curve is an average of at least 5 determinations. Regardless of the initial pigment concentration in the seedling at the time of return to the dark, the rate of the pigment destruction is the same. After 120 hours in the dark at 270 C, virtually all the chlorophyll initially present is destroyed (upper curve, fig 1) . The time course of chlorophyll destruction was followed in a few cases, not shown in Column 3 of table IV shows the difference in amount of pigment in the "light" and "dark" plants at different times in the dark. This increment decreases very rapidly with time, and the difference all but disappears after 96 hours in the dark. Thus, actually, the "light-formed" carotenoids disappear completely after 96 hours, and the lower curve in figure 1 is deceptive. While it is true that the total carotenoid concentration is never completely depleted in the dark, as shown by this curve, an examination of column 3 of table IV shows that in reality the. carotenoids formed by light are completely destroyed during the time interval of these experiments.
An alternative interpretation to these data, however, is that we are dealing with chlorophyll b disappearance rather than the destruction of light-synthesized carotenoids. The difference between the carotenoid destruction in the dark-grown and lighttreated plants is of sufficiently small magnitude to make this alternative plausible.
EFFECT OF SUCROSE ON PIGMENT DESTRUCTION:
A seedling growing in the light enjoys the benefits of continuous sugar production, whereas the seedlings in these experiments were returned to the dark with little food reserves, their source fig 2) , while the chlorophyll values showed approximately a 30 % drop for these sugar concentrations, as compared with 72 % loss of pigment when no sugar was added.
In table VI chlorophyll destruction in seedlings was followed for different times in the dark in the presence and absence of 2 % sucrose. The seedlings had been previously exposed to 12-hours light before their return to the dark. The added sucrose affected the destruction of chlorophyll, but the effect seems to be to delay the onset of the destruction rather than to prevent it. Chlorophyll is destroyed with time in the dark in both the sucrose and non-sucrose treated seedlings. However, the last column in the table One-week-old corn seedlings, previously exposed to 12 hrs white light were returned to the dark at 270 C for various times. shows the difference in destruction rates of the two groups. This difference is relatively constant for 120 hours in the dark, suggesting that the added sucrose has merely shifted in time by a constant amount the inevitable destruction of chlorophyll. Beyond the 120-hour period, the sucrose failed to affect the pigment destruction.
A similar type of study was made to test the effect of 2 % sucrose on carotenoid destruction. The results showed considerable variation, so they are not published here. In general, however, the sucrose effect seemed to be similar; that is, the carotenoids are destroyed in the presence and absence of sucrose, and there has been a shift in time of onset of this destruction in the sucrose-treated seedlings.
Just how the sucrose accomplishes this delay in the onset of pigment destruction can only be a matter of speculation. Perhaps sugar helps to maintain some plastid structure that temporarily binds the pigments in a stable structure.
It is clear, however, that depriving a plant of light and thus adequate sugar supply affects pigment maintenance in a way that is separate and distinct from the role of light and sugar in pigment synthesis. A young etiolated seedling, when exposed to light, forms chlorophyll from protochlorophyll. Protochlorophyll can be synthesized by the plant in the absence of light, the light acting as the agent only in the ultimate step in chlorophyll formation. Sugar and other organic and inorganic compounds are presumably needed for the initial and continuous formation of protochlorophyll. A short time after chlorophyll has been formed, the plant becomes capable of photosynthesis and new sugars are thus supplied for further pigment synthesis. When such a seedling is deprived of light, chlorophyll formation is halted by the direct removal of the agent in the protochlorophyll-chlorophyll transformation; secondarily, sugar production ceases, and this affects the plant's ability to synthesize protochlorophyll, and other simpler precursors of the chlorophyll molecule.
We have seen here, however, that removing the plant from the light not only halts further pigment synthesis but affects the plant's ability to maintain the pigments it already has.
The seedling returned to the dark fails to maintain both chlorophyll and carotenoids. In earlier work with oat seedlings (6) we had shown that when chlorophyll was formed, the carotenoids fall in concenitration, suggesting that the carotenoid molecule might be involved in the synthesis of the chlorophyll molecule, perhaps by supplying the phytol group. In the light-independent destruction of the chlorophyll molecule, if the backward reaction followed the same course as the forward reaction in reverse, one might expect to get an accumulation of carotenoids as the chlorophyll content decreased. However, the study reported here shows clearly that when chlorophyll is destroyed, carotenoids are also destroyed. So no reciprocal relationship exists between the two pigments with respect to their light-independent destruction. SUMMARY One-week-old corn seedlings containing known amounts of chlorophyll and carotenoids were placed in the dark, and the time course of the destruction of the pigments followed. Both chlorophyll and carotenoids were destroyed rather rapidly at 270 C in the dark. All the chlorophyll disappeared completely after 120 hours in the dark, while the carotenoids fell to 40 % of their original value.
It was found that, even though the initial pigment concentration varied as much as 150-fold, the time required for the destruction of a given percentage of pigment was independent of the initial concentration. This suggests that the light-independent pigment destruction follows the kinetics of a first-order reaction.
Adding sucrose to the environment of the seedlings when placed in the dark effectively protected for a time against depletion of both chlorophyll and carotenoids. Concentrations of 3 % sucrose protected the carotenoids completely from destruction in the dark, whereas the chlorophyll concentration decreased 30 % in 3 % sucrose as compared with 72 % destruction in the absence of sucrose.
The protective effect of exogenous sucrose on pigment destruction seemed to be to delay the onset of destruction rather than to prevent it from occurring. LITERATURE CITED 
